Quasi-crystal structures of Bose-Einstein condensates by Salerno, Mario
ar
X
iv
:c
on
d-
m
at
/0
50
44
01
v1
  [
co
nd
-m
at.
oth
er]
  1
8 A
pr
 20
05
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Quasi-crystal structures of Bose-Einstein condensates which correspond to a Penrose tiling of the
plane are discussed.
We discuss quasi-crystals structures of Bose-Einstein
condensates (BEC) which correspond to a Penrose tiling
of the plane. The underlying model is the repulsive 2D
Gross-Pitaevskii equation
iψt +
[
∂xx + ∂yy + Vol(r)− |ψ|
2
]
ψ = 0 (1)
with the following optical lattice
Vol(x, y) = ε
n∑
i=1
cos[pi(six+ ciy)], (2)
where si = sin(
2pi
n
i), ci = cos(
2pi
n
i) and ε denotes the
strength of the lattice. For n = 3, 4, this potential origi-
nates a Bravais lattice with three-fold and four-fold sym-
metry, respectively. For n = 5 it produces a lattice with
an impossible five-fold quasi symmetry which correspond
to the Penrose tiling of the plane [1]. To show this, we
first study the interference patterns which are created
when an initial gaussian distribution of matter
ψ(x, y) = A exp
(
−a(x2 + y2)
)
(3)
is released in such quasi-periodic potential. To allow the
matter to expand in the structure, we consider the case of
small potential amplitude and relatively small number of
atoms. The result are shown in the following figures. In
Fig.1 the interference pattern created after a time t = 0.5
is depicted. In Fig. 2 we show the same pattern of Fig.
1 with lines joining the points where the peak intensity
is higher superimposed. The formation of the Penrose
tiling of the plane becomes then evident, this providing
an example of BEC quasi-crystal [2]. Taking n > 6 in
Eq. (2) one can generate other types of planar quasi-
crystals (i.e. with heptagonal (n=7), octagonal (n=8),
etc., quasi-symmetries).
Next we investigate the possibility to form localized
states of soliton type in 2D quasi-crystals. As a result
we show that soliton states can indeed be formed. Al-
though this is expected, due to the the trapping features
of the potential (especially for high values of ε), a main
difference with gap-solitons of periodic lattices is that
in quasi-crystals the shape and properties of the soliton
strongly depends on the position in the lattice. Due to
the lacking of a strict periodicity in the system one may
expect the existence of a large variety of localized exci-
tations in BEC quasi-crystals.
FIG. 1: BEC interference pattern at time t = 0.5 obtained
from direct simulations of Eq. (1) with the potential in Eq.
(2) for n = 5 and ε = 0.2. The initial condition was taken as
in Eq. (3) with a = 2.2 ∗ 10−4 and A = 0.264. The length of
the system is L = 28pi
FIG. 2: Same as in Fig.1 but with lines joining points where
the matter wave intensity is higher (big red spots in Fig.1 ),
superimposed. The tiling lines were drawn by hand using an
art-work program.
[1] see R. Penrose, The emperor’s new mind, Vintage, 1990.
[2] BEC in optical quasi-crystals has been recently re-
ported also by L. Sanchez-Palencia and L. Santos (see
cond-mat/0502529)
